Rapid degradation controls the levels of many mRNAs that are translated into transiently expressed proteins. These include cytokines, growth factors, proto-oncogene products, and other proteins participating in acute reactions. The short half-lives of their mRNAs depend on regulatory RNA sequences, the most widely distributed being AU-rich elements (AREs) located in their 3Ј untranslated regions (UTRs) (8, 39) . AREs have been divided into three classes, differing in the sequences and modes of degradation imposed by them (8) . Class I AREs contain one to three scattered AUUUA motifs, and class II AREs contain multiple overlapping AUUUA motifs. Class III AREs are less well defined and lack an AUUUA motif. With the search pattern WWWU(AUUUA)UUUW, 4,000 human mRNAs have been reported to contain AREs and grouped into the ARED database (1) , where the class II AREs are further subdivided into different groups, depending on the number of AUUUA motifs present in an ARE.
Interleukin-8 (IL-8) is a member of the CXC chemokine family, released from different types of cells in response to direct cell stress, pathogens, or the proinflammatory cytokines tumor necrosis factor (TNF) and IL-1 (reference 25 and references therein). It attracts and activates leukocytes and also plays a role in angiogenesis. Studying its induction in response to IL-1, we previously observed that in addition to transcriptional activation of the IL-8 gene, its mRNA is stabilized (26, 46) . The latter response involves the activation of p38 mitogenactivated protein (MAP) kinase and its substrate kinase MK2. Stabilization of IL-8 mRNA can contribute to enhanced IL-8 expression, e.g., in viral infection (22) . Our recent studies showed that the IL-8 mRNA contains an ARE which consists of two functionally distinct domains. They cooperate for maximal destabilization and interaction with cytoplasmic proteins in vitro (44) .
Control of mRNA degradation by AREs involves the function of proteins binding to them. ARE-binding proteins include destabilizing factors such as TTP, BRF1, or KSRP, which recruit RNA degrading enzymes, as well as stabilizing factors like HuR (12, 17) . AUF1/hnRNP D has been shown to function in both ways.
The KH-type splicing regulatory protein (KSRP) was originally identified as a factor involved in regulated splicing of c-src (35) . It contains four hnRNP K homology domains and is a member of the family of far upstream sequence binding proteins (FUBP) (11) , also named FUBP2 accordingly. KSRP has been shown to play a role in rapid degradation of ARE-containing transcripts (3, 7, 9, 15, 18, 19, 32, 38) . Other functions which depend on interactions with mRNA sequences distinct from AREs have been ascribed to KSRP or its homologs. A chicken homolog interacts with the zipcode sequence that controls ␤-actin mRNA localization (23) . In rat, KSRP also binds to the ␤-actin zipcode sequence (40) and to a region determining localization of microtubule-associated protein 2 mRNA (36) . In Xenopus oocytes, a member of the FUBP family stim-ulates removal of a translational repressor element from the Vg1 mRNA (30) . Despite these observations, more comprehensive information on target mRNAs directly regulated by KSRP is largely missing.
We now report that in HeLa cells suppression of KSRP expression by small interfering RNA (siRNA) indicates an essential role for rapid degradation of IL-8 mRNA and its deadenylation as the initiating step in it. The two domains of the IL-8 ARE are involved in interaction with KSRP in vitro and in intact cells. Interaction with the IL-8 ARE is impaired by IL-1 in a manner dependent on p38 MAP kinase but not on MK2, explaining in part the stabilization induced by the p38/ MK2 pathway. Microarray experiments indicate that KSRP interacts with numerous ARE-containing mRNAs but also with transcripts that lack AREs, including its own mRNA. By comparison of mRNAs associated with KSRP and upregulated by KSRP knockdown, using IL-1 stimulation as in vitro model of an inflammatory response, a group of bona fide targets of KSRP is defined. Their regulation of expression by KSRP is expected to have significant impact on inflammatory gene expression in vivo.
extract. After 4 h with constant mixing, the beads were spun down and washed three times with wash buffer. Aliquots of the beads were heated to 95°C with sample buffer for sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) for subsequent analysis of stKSRP amounts or were supplied with 10 g of bacterial rRNA as carrier RNA and subjected to total RNA isolation (RNA isolation kit; Macherey & Nagel).
Reverse transcription-PCR (RT-PCR).
Total RNA was reverse transcribed with Moloney murine leukemia virus reverse transcriptase and amplified with Taq polymerase (both from MBI Fermentas) and specific primers (MWG Biotech) for CXCL3 (sense, 5ЈTCTCGCACAGCTTCCCGA; antisense, 5ЈCTAGAAAGCTGC TGTTCTC), 14-3-3 (sense, 5ЈAGGTCATCTTGGAGGGTC; antisense, 5ЈCTCC TTGGGTATCCGATG), IB (sense, 5ЈCTCCTGTTGCACATCCGA; antisense, 5ЈCAGCTAACTTGAACTGTGTT), IL-6 (sense, 5ЈCTGGGCACAGAACTTAT GTTG; antisense, 5ЈGGTAAGCCTACACTTTCCA), IL-8 (sense, ATCAAATAT TTGTGCAAGAATTTGG; antisense, TTTCAGATAAACAATAATGT); KSRP (sense, 5ЈGAGAAGATAGCGAGATCTAA; antisense, 5ЈGAATGTTCCACCTC TAACTA); FUBP3 (sense, 5ЈAATCAAGCAGTTGCAGGAG; antisense, 5ЈCCG TGTATGTTATCTCCTG), and TTP (sense, 5ЈGATCTGACTGCCATCTACG; antisense, TCACTCAGAAACAGAGATGC).
Western blot analysis. Proteins were separated by SDS-PAGE (10% acrylamide) and blotted onto polyvinylidene difluoride membranes (Millipore). Equal loading and protein transfer were controlled by staining with Coomassie brilliant blue. KSRP was detected by chemiluminescence using a specific monoclonal antibody (kindly provided by C.-Y. Chen) and alkaline-phosphatase-labeled secondary antibody.
Microarray analysis. RNA from pulldown or siRNA-mediated knockdown experiments was purified and Cy3-labeled cRNA prepared as described previously (21) . For analysis of KSRP-associated mRNAs on high-density arrays, RNA was isolated from Strep-tactin pulldown in four independent experiments which yielded essentially similar sets of mRNAs enriched by stKSRP compared to stGFP. Global mRNA expression of input samples was analyzed in parallel. Table S1 in the supplemental material shows results from one experiment where stringency was increased by raising the NaCl concentration to 700 mM in the first two washes of Strep-tactin agarose beads after incubation with cytoplasmic extract (see above). Cy3-labeled cRNA was generated using an Amino Allyl MessageAmp II with Cy3 kit according to the manufacturer's recommendations (AM1795; Applied Biosystems). Even amplification efficiency was controlled by spiking reverse transcription reactions with a mixture of 10 different E1A mRNA species (5188-5977; Agilent Technologies) that were each detected by 32 probes on the microarray. cRNA quality, yield, and labeling efficiency were analyzed by an Agilent 2100 bioanalyzer. To minimize technically caused variations, cRNA for each RNA sample was generated in duplicate and pooled prior to labeling and hybridizing. Labeled cRNAs were hybridized to the Whole Human Genome Microarray (G4112F, ID 014850; Agilent Technologies) containing 45,015 probes for 15,713 annotated genes and 15,269 uncharacterized transcripts. cRNA fragmentation, hybridization, and washing steps were performed exactly as directed by the manufacturer's One-Color Microarray-Based Gene Expression Analysis Protocol V5.0.1 manual. Slides were scanned on an Agilent G2505 B microarray scanner at high (100%) and low (5%) photomultiplier tube settings. Data extraction and intra-array normalization were performed with Feature Extraction V9.1.3.1 software (Agilent protocol file GE1-v5_91_0806.xml). Flagged spots were excluded from further analysis. Interarray normalization was performed according to E1A signals. Intensity values close to background levels were replaced by surrogate values, calculated from E1A signals, to compensate for elevated bias at the low end of the dynamic intensity range. Ratio data of probes directed against the same RNA were averaged by calculating the geometric mean.
In vitro transcription and electrophoretic mobility shift assays. Radiolabeled RNA fragments corresponding to the IL-8 ARE and mutants thereof were synthesized with T7 RNA polymerase from linearized plasmids as described recently (44) . The labeled RNA probes were purified using mini Quick Spin RNA columns (Roche Diagnostics) and incubated with cytoplasmic extract (prepared by Nonidet P-40 lysis as in reference 45) or with affinity-purified stKSRP eluted from the Strep-tactin agarose with desthiobiotin (10 mM; IBA). After digestion with RNase T1, samples were separated on nondenaturing polyacrylamide gels (44) or UV cross-linked with 900 mJ/cm 2 and separated by SDS-PAGE (45) . ARE characterized in detail recently (44) . To find out if the ARE-binding protein KSRP is involved in the function of the IL-8 ARE, HeLa cells were transfected with siRNAs specific for KSRP mRNA. Amounts of KSRP were strongly diminished compared to those in cells transfected with siRNA against GFP as a control (Fig. 1A) . Degradation of ␤-globin reporter mRNAs carrying the IL-8 ARE as well as the TNF ARE was slowed down in the KSRP knockdown cells compared to that in the control cells (Fig. 1B) . Endogenous IL-8 mRNA is barely detectable in unstimulated HeLa cells but strongly and rapidly induced by the proinflammatory cytokine IL-1. Two hours after addition of IL-1, the stability of endogenous IL-8 mRNA was strongly increased when KSRP expression was suppressed by siRNA (Fig. 1C) .
Suppression of KSRP impairs deadenylation of IL-8 mRNA. Evidence has been presented for recruitment of the deadenylating enzyme PARN by KSRP (18) . To compare the poly(A) tail lengths of IL-8 mRNA in control and KSRP knockdown cells, the RNA samples were separated by PAGE. This revealed primarily short poly(A) tails in control cells after 2 h of stimulation with IL-1, as expected from previous work in which we showed that IL-1 induces rapid and transient IL-8 mRNA expression with long poly(A) tails at the 1-h maximum, with rapid poly(A) tail shortening and decrease in RNA amounts ensuing thereafter (20) . In the cells treated with siRNA against KSRP, IL-8 transcripts with intermediate and long poly(A) tails were prominent ( Fig. 2A) . The weighted arithmetic mean length of poly(A) tails increased from 58 nucleotides (nt) in control cells to 120 nt in KSRP knockdown cells. Furthermore, in the latter cells amounts and poly(A) tail lengths remained fairly constant for 1 hour after inhibiting transcription. Similarly, steady-state levels and poly(A) tail lengths of CCL20 mRNA were also increased in the KSRP knockdown cells (Fig.  2B ) (mean length 136 nt versus 96 nt in the control cells). The mRNA of IB␣ is short lived but does not contain a typical ARE with overlapping AUUUA motifs in its 3Ј UTR. Amounts and poly(A) tail lengths are found to be hardly affected when cells treated with control or KSRP-specific siRNA are compared (Fig. 2B ) (mean lengths of 97 and 110 nt, respectively), indicating that KSRP knockdown selectively affects only certain mRNAs. A stable mRNA for a housekeeping enzyme, GAPDH (glyceraldehyde-3-phosphate dehydrogenase), also remains unaffected by suppressing KSRP levels (mean lengths of 107 and 104 nt, respectively, in control and KSRP knockdown). These results provide evidence for a role for KSRP in the rapid and specific deadenylation and degradation of endogenous ARE-containing mRNAs.
Both domains of the IL-8 ARE are involved in its interaction with KSRP. In UV cross-linking experiments, radiolabeled RNA corresponding to the IL-8 ARE forms protein-RNA complexes with cytoplasmic extract (Fig. 3A) . Formation of the highest-molecular-weight complex is increased with cytoplasmic extract from cells expressing stKSRP. Furthermore, IL-8 ARE RNA can be UV cross-linked to purified stKSRP, resulting in a product of the expected molecular weight in SDS-PAGE. Complex formation of stKSRP and the IL-8 ARE is also detected in nondenaturing gels (Fig. 3A, right) .
Interaction of KSRP with the IL-8 ARE was confirmed in pulldown assays with stKSRP. First, stKSRP plasmid was transfected in different amounts and stKSRP and total KSRP were detected by Western blot analysis (transfected and endogenous KSRP could not be separated in SDS-PAGE). In the range of plasmid amounts tested, strong increases in total KSRP were not observed (Fig. 3B ). Amounts that corresponded to 7 g in the setting of Fig. 3B were chosen for further experiments. In Northern analysis of mRNAs associated with stKSRP after pulldown from cytoplasmic extract with Strep-tactin agarose beads, ␤-globin mRNA without an ARE was not detected (Fig. 3C ). ␤-Globin mRNA with the AREcontaining region of IL-8 mRNA was selectively detected in pulldown from cells expressing stKSRP but not in pulldown from control cells. Importantly, endogenous IL-8 mRNA was also found to associate with stKSRP. GAPDH mRNA, which exhibits very high signal intensity in total RNA, was detected in spurious and not significantly differing amounts in both the specific and the control pulldown preparations.
We further studied the ARE-KSRP interaction by investigating the importance of the four AUUUA motifs and of the two functionally distinct domains in the ARE that we had previously defined (44) . ␤-Globin reporter RNAs containing the ARE or derivatives thereof in the 3Ј UTR were expressed (Fig. 4A) . Compared to the wild-type ARE with an intact auxiliary domain and core domain (ADϩCD), a mutant in which the third AUUUA motif of the core domain was changed into AUGUA (M3) showed slightly diminished interaction with KSRP in pulldown assays (Fig. 4B) . Interaction was strongly reduced for a mutant in which all four AUUUA motifs were destroyed (M1234). Comparably strong impairment of KSRP interaction was observed for an mRNA that contained only the core domain. An RNA containing only the auxiliary domain showed the weakest interaction. The results revealed a close correlation between the interaction of the mRNAs with KSRP and their half-lives in intact cells (Fig. 4B ) (see also reference 44). Importantly, the auxiliary domain strongly contributes to interaction of KSRP with the ARE, suggesting that this is the cause for its enhancing effect on the moderate destabilization exerted by the core domain alone. The relationship between the destabilizing function of the IL-8 ARE and its interaction with KSRP was further probed in in vitro binding experiments. Complexes were analyzed in nondenaturing gels to avoid the problem of different cross-link efficiency rather than affinity when derivatives of the ARE were compared in their abilities to interact with KSRP. As shown in Fig. 4C , interaction was hardly affected if one of the four AUUUA motifs was mutated (M3). Strong decrease in interaction was observed for the mutant in which all motifs were destroyed (M1234). The core domain alone, which contains all four AUUUA motifs, showed markedly reduced interaction, and for the auxiliary domain alone, the interaction was reduced even stronger. Taken together, these data show a close correlation between the importance of the two domains for ARE function and interaction with KSRP.
Interaction of KSRP with the IL-8 ARE is impaired by p38 MAP kinase activation without involvement of MK2. Rapid degradation of several ARE-containing mRNAs, including IL-8 mRNA, is impaired in cells exposed to IL-1 in a manner (Fig. 5C ), did not impair interaction (Fig. 5B ). This and the observation by Briata et al. that MK2 does not phosphorylate KSRP indicates that the contribution of MK2 to stabilization of ARE-containing mRNAs is not reflected on this level. We also tested whether MK2 has an indirect role in mRNA stabilization, e.g., facilitating export of active p38 MAP kinase from the nucleus to the cytoplasm (2, 14) , where p38 MAP kinase might phosphorylate its target KSRP. This is unlikely, however: as shown in Fig. 5C , constitutively active MK2 induces mRNA stabilization (compare "control" in upper panel [vector] with "control" in middle panel [MK2 EE ], which is independent of p38 MAP kinase activity (middle, compare "control" and SB203580). Stabilization induced by the upstream kinase MKK6 was inhibited by SB203580 as expected.
The IL-8 ARE is a target of TTP. MK2 can phosphorylate the ARE-binding protein TTP, which can impair its destabilizing activity toward its target mRNAs (16) . To test whether TTP can contribute to regulation of IL-8 mRNA stability, stTTP was expressed in HeLa cells and pulldown performed after induction of IL-8 mRNA by IL-1. IL-8 mRNA was enriched in the stTTP pulldown fraction (Fig. 6A) . Furthermore, purified TTP interacted with the IL-8 ARE in vitro (not shown). Since detection of a destabilizing effect of TTP might be obscured by the predominant destabilization of KSRP, the effect of TTP on the degradation of the IL-8 ARE-containing reporter RNA in KSRP knockdown cells was determined. Coexpression of stTTP resulted in a marked decrease in the steady-state level and the stability of the reporter RNA (Fig.  6B) . Coexpression of constitutively active MK2 (MK2 EE ) partly reverted this effect. These results indicate that TTP can participate in the control of IL-8 mRNA stability and may represent the MK2-sensitive component of rapid IL-8 mRNA degradation.
Microarray-based identification of mRNAs regulated by KSRP. To obtain information on the population of mRNAs potentially regulated by KSRP, HeLa cells were stimulated with IL-1. A stimulation period of 2 hours was chosen because at this time IL-1-induced mRNA stabilization has ceased (20, 46) but expression of transiently induced mRNAs is still high enough for analysis. Two parameters were determined for RNAs from these cells, (i) enrichment in pulldown with KSRP and (ii) increase in amount upon knockdown of KSRP (Fig.  7A) . RNA was analyzed on an oligonucleotide array covering 30,982 human genes. After pulldown of stKSRP, 1,734 mRNAs (i.e., 11% of all functionally annotated genes that were detected by the Agilent array) were enriched more than twofold in the stKSRP fraction (see Table S1 in the supplemental material). Determination of amounts in the cytoplasmic extract (input) excluded the possibility that this was due to different starting levels (not shown). Enrichment in the stKSRP fraction was verified by RT-PCR for several mRNAs (Fig. 7B) . mRNA from two independent KSRP knockdown experiments was analyzed to estimate the impact of KSRP on gene expression. The cells were stimulated with IL-1 for 2 hours, and RNA was isolated immediately or after additional incubation for 3 hours with actinomycin D to obtain information on changes in mRNA degradation. RNAs of 427 annotated genes showed a mean increase of twofold or higher in the KSRP knockdown cells compared to the level for GFP knockdown cells (see Table S2 in the supplemental material). For 1,674 of the 1,734 transcripts enriched in pulldown, complete data sets from both knockdown experiments were available. One hundred mRNAs were enriched in the stKSRP pulldown, and their levels also increased upon KSRP knockdown (Table 1) . Fortyeight of them had short half-lives. Of these, 10 mRNAs, including that of IL-8, decayed more slowly in the KSRP knockdown cells (Table 1 ). This indicates that these mRNAs represent target transcripts for the destabilizing function of KSRP. Of note, 80% of them and 36% of all mRNAs in Table  1 were found in the ARED database (1), which lists mRNAs with AU-rich sequences in their 3Ј UTRs as defined by a bioinformatic approach.
Possible autoregulation of KSRP. Interestingly, among the transcripts associated with stKSRP was that of its homolog FUBP3 and also the KSRP mRNA itself (see Table S1 in the supplemental material). To exclude the possibility that the latter result merely reflects a higher input level (due to the additional mRNAs derived from the stKSRP vector), RT-PCR was performed with primers that amplify 3Ј UTRs not contained in the vector (Fig. 7B) . The result clearly demonstrates an association of stKSRP with endogenous KSRP mRNA. The plasmid-derived KSRP mRNA contains part of the 3Ј UTR. Since that mRNA was also enriched, while a KSRP mRNA without 3Ј UTR sequences was not (not shown), a binding site for KSRP protein was further localized by expressing the ␤-globin mRNA with 3Ј UTR sequences from KSRP mRNA. Association with stKSRP in pulldown assays was found to be mediated by a non-ARE region of 104 nt 3Ј of the stop codon in the KSRP mRNA (Fig. 7C) .
DISCUSSION
Rapid degradation of IL-8 mRNA and its inhibition by the p38/MK2 pathway are largely dependent on an ARE with a bipartite structure (44, 46) . In this report, we define KSRP as a major factor involved in the function of this ARE, based on three lines of evidence obtained by (i) siRNA-mediated knockdown, (ii) in vitro protein-ARE interaction, and (iii) copulldown of RNA and protein. (i) siRNA-mediated knockdown of KSRP slowed down degradation of endogenous IL-8 mRNA and of a reporter mRNA containing the IL-8 ARE (Fig. 1) . Consistent with prior reports that KSRP can recruit the deadenylating enzyme PARN to the mRNA (3, 9, 18), the IL-8 mRNA has long poly(A) tails in the KSRP knockdown cells. Evidence that, in addition to PARN, exosome components and, more recently, the decapping enzyme Dcp2 are recruited by KSRP has been presented (9, 18) . Decapping and 5Ј-to-3Ј degradation are involved in ARE-mediated decay according to other studies (33, 41) . Whether KSRP is essential for deadenylation of all mRNAs that it destabilizes or only for some of them, as shown for IL-8 and CCL20 in this study, is not known. Perhaps recruiting the exosome or enzymes of 5Ј-to-3Ј degradation is the major function for degradation of other mRNA targets. Of interest, it has been reported that KSRP interacts with the ARE-binding protein TTP (32) , which may contribute to determining the subsequent events in degradation. (ii) KSRP directly interacts with the IL-8 ARE in vitro (Fig. 3A) . One of the complexes formed with cytoplasmic extract from HeLa cells could be ascribed to KSRP interaction. We have reported a bipartite structure for the IL-8 ARE with a core domain containing the four AUUUA motifs that mediates moderate destabilization and an auxiliary domain which does not destabilize on its own but enhances the destabilizing effect of the core domain (44) . The data in Fig. 4 indicate that this behavior reflects the weak interaction of KSRP with the individual domains compared to that with the complete ARE. (iii) Endogenous IL-8 mRNA as well as a reporter mRNA containing the IL-8 ARE is found associated with KSRP pulled down from cytoplasmic extracts. The extent of interaction assayed in this way for the complete ARE and its domains parallels that observed in gel shift assays and, most importantly, their destabilizing activity (Fig. 4) . Clearly, the interaction of the IL-8 ARE with KSRP as assayed by gel shift as well as by copulldown from cell lysates shows that both the four AUUUA motifs and the auxiliary domain are as essential for maximal interaction with KSRP as they are for maximal mRNA destabilization in intact cells (44) (Fig. 4) . This suggests that the degree of destabilization is directly dependent on the interaction with KSRP. Rapid ARE-dependent degradation of IL-8 mRNA is impaired upon activation of the p38 MAP kinase/MK2 signaling pathway (46) . Recently, p38 MAP kinase has been shown to phosphorylate KSRP at threonine 692, which inhibits its binding and destabilizing function for AREs of myogenin and p21 in a muscle cell differentiation model (3) . In agreement with this report, IL-1␣ impairs association of KSRP with mRNA containing the IL-8 ARE in pulldown assays (Fig. 5A) . This FIG. 7 . Interaction of KSRP with endogenous mRNAs. (A) HeLa cells were transfected with stKSRP or stGFP as a control for pulldown assays and with siRNA against KSRP or against GFP as a control for knockdown assays. After stimulation for 2 h with IL-1␣, total RNA was isolated and subjected to microarray analysis as described in Materials and Methods. mRNAs associated with stKSRP in pulldown and increased in KSRP knockdown cells were identified. Details on mRNAs positive for both parameters (with ratios of Ͼ2 for signal intensities of stKSRP/stGFP and siRNA against KSRP/GFP) are presented in Table 1 Colony stimulating factor 2 (granulocyte-macrophage) (CSF2), mRNA
Growth differentiation factor 15 (GDF15), mRNA
Inhibitor of DNA binding 2, dominant negative helix-loophelix protein (ID2), mRNA
Prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and cyclooxygenase) (PTGS2), mRNA (Fig. 5A) , and an active mutant of MK2 which induces stabilization did not mimic the effect of IL-1 (Fig. 5B) . KSRP is not phosphorylated by MK2 (3). However, it cannot be ruled out that MK2 modifies KSRP function indirectly. The stabilization of the reporter-IL-8 ARE mRNA by an active form of MK2 in the presence of a p38 inhibitor (Fig. 5C ) argues against a mere supportive role for MK2 for the effect of p38 MAP kinase, e.g., by facilitating its export from the nucleus (2, 14) . MK2 may also affect other proteins involved in degradation. A known substrate of MK2 is the ARE-binding protein TTP, and activation of the p38/MK2 pathway has been associated with increased stability of TTP target mRNAs (6, 10, 24, 34, 42) . We therefore investigated a possible role for TTP in degradation of IL-8 mRNA and its modulation by MK2. TTP, expressed in small amounts as suggested to detect its destabilizing activity (31) and to limit artifacts (4), accelerated degradation of an IL-8 ARE containing reporter RNA under conditions where basal degradation was slow due to KSRP knockdown. Acceleration of degradation was partly reversed by coexpressing active MK2 (Fig. 6 ). This, together with the copulldown of TTP and endogenous IL-8 mRNA, suggests that MK2 contributes to stabilization of IL-8 mRNA in part by impairing TTP function. It has to be noted, however, that TTP is not expressed strongly in the cells used here, and other targets of MK2 may be of relevance. Results from this study, together with the information cited above, are summarized in the scheme presented in Fig. 8 (Table 1) . However, though ARE-containing mRNAs are enriched in the KSRP-associated population, most of these mRNAs are not listed in the ARED database. This is likely due in part to limitations of the selection criteria which discard transcripts with AREs loosely related to the search pattern or lacking the AUUUA motif. On the other hand, relevant non-ARE targets may be enriched in the pulldown as well. Several studies provide evidence for interaction of KSRP with non-ARE sequences and functions distinct from mRNA destabilization (11, 23, 28, 35) . It should be noted that mRNAs were enriched by pulldown of KSRP from cytoplasmic extracts, most likely causing underrepresentation of targets for nucleus-restricted functions of KSRP affecting, e.g., splicing (35) or transcription (11) . Interestingly, among the transcripts associated with KSRP were those of KSRP itself and of its homolog FUBP3. Recently, evidence has been presented for overlapping sets of mRNAs regulated by each of the three FUBPs (11) . The association of two of their transcripts with KSRP suggests in addition auto-and cross-regulation of their own expression. RNA-targeted autoregulation of proteins involved in RNA metabolism has been described, e.g., for poly(A)-binding protein (27) , for the ARE-binding protein TTP (5, 43) , or for the yeast mRNA export factor Yra1p (13) . Whether and how KSRP affects its own mRNA and that of FUBP3 will have to await further analysis.
siRNA-induced knockdown of KSRP resulted in Ͼ2-fold increased amounts of more than 400 transcripts. These could represent either direct targets of KSRP, like IL-8 mRNA, or indirect targets, upregulated as a consequence of increased expression of a direct target, like a transcription factor or receptor ligand. Further filtering in a rigorous way, including enrichment in KSRP pulldown, rapid degradation in control cells, and increased stability in KSRP knockdown cells as parameters, yielded 10 transcripts which are bona fide direct targets of KSRP-mediated destabilization. Most of them encode cytokines or other proteins connected with inflammatory and immune reactions. Structurally, they mostly are characterized by the presence of AREs. Among them are the mRNAs of IL-6 and CSF2 (also named GM-CSF), which we expected to be identified since IL-6 mRNA and a reporter with the GM-CSF ARE have been found stabilized by IL-1 stimulation or p38 MAP kinase activation in our initial studies (46) . Of note, a set of seven KSRP targets was identified most recently by a similar strategy (37) in a different setting, namely, PI3K-AKT activation of pituitary ␣ T3-1 cells. This may explain the lack of overlap with the transcripts identified here by investigating IL-1-stimulated HeLa cells. The true number of targets in the latter has to be considered much higher due to intrinsic limitations of the procedures applied. For example, significant stabilization of highly unstable RNAs might have been missed with the 3-h actinomycin D treatment; IL-1-induced RNAs with half-lives around or longer than 1.5 h would not be enriched twofold within the 2-h stimulation period with IL-1. Therefore, it is expected that more relevant targets are included in Table 1 .
These data provide evidence for a role for KSRP in controlling the expression of inflammatory genes by limiting the halflives of the respective mRNAs. This function of KSRP and its modulation by p38 MAP kinase may have important consequences for the quality, intensity, and duration of inflammatory reactions.
